Prior to the implementation of predictive-testing programs for Huntington disease (HD), significant concern was raised concerning the likelihood of catastrophic events (CEs), particularly in those persons receiving an increased-risk result. We have investigated the frequency of CEs-that is, suicide, suicide attempt, and psychiatric hospitalization-after an HD predictive-testing result, through questionnaires sent to predictive-testing centers worldwide. A total of 44 persons (0.97%) in a cohort of 4,527 test participants had a CE: 5 successful suicides, 21 suicide attempts, and 18 hospitalizations for psychiatric reasons. All persons committing suicide had signs of HD, whereas 11 (52.4%) of 21 persons attempting suicide and 8 (44.4%) of 18 who had a psychiatric hospitalization were symptomatic. A total of 11 (84.6%) of 13 asymptomatic persons who experienced a CE during the first year after HD predictive testing received an increased-risk result. Factors associated with an increased risk of a CE included (a) a psychiatric history р5 years prior to testing and (b) unemployed status. The frequency of CEs did not differ between those persons receiving results of predictive testing through linkage analysis in whom there was only changes in direction of risk and those persons receiving definitive results after analysis for the mutation underlying HD. These findings provide insights into the frequency, associated factors, and timing of CEs in a worldwide cohort of persons receiving predictive-testing results and, as such, highlight persons for whom ongoing support may be beneficial.
Introduction
During the past decade, molecular genetics research has led to the identification of an increasing number of disease-associated genes. Genetic testing is now available to assess whether an at-risk individual has inherited the DNA changes predictive of a clinical phenotype (predictive testing) and to confirm the diagnosis for symptomatic individuals (Miki et al. 1994; Nicolaides et al. 1994; Wooster et al. 1995; Reddy and Housman 1997) . For Huntington disease (HD [MIM 143100]), an autosomal dominant neurodegenerative disorder with late onset, linkage analysis for predictive testing started in 1986, initially in Canada (Fox et al. 1989 ) and the United States (Meissen et al. 1988; Brandt et al. 1989) and then in many center around the world (World Federation of Neurology Research Group on Huntington's Disease 1993). Later, when the specific mutation associated with HD was identified, direct testing for the mutation became available (Huntington's Disease Collaborative Research Group 1993) .
For many years, prior to the implementation of testing, serious concerns were raised as to whether it was ethical to offer predictive testing for a disease for which no treatment was available (National Institutes of Health 1977; Marsden 1981) . It was feared that the test results could precipitate depression, anxiety, marital and family stress, survivor's guilt, and social stigmatization and discrimination in employment and insurance (Kenen and Schmidt 1978; Rosenfeld 1984; Wexler 1985) . In addition, there was concern that individuals who learn that they will develop HD in the future may be at greater risk for catastrophic outcomes such as suicide, attempted suicide, or psychiatric hospitalization. This concern was based on higher suicide rates reported for HD patients compared with the general population (Hayden et al. 1980; Schoenfeld et al. 1984; Farrer 1986; Sørensen and Fenger 1992; Di Maio et al. 1993 ) and higher rates of psychiatric problems for persons at risk for HD (Oliver 1970; Kessler 1987) . Furthermore, surveys of attitudes toward predictive testing indicated that 11%-15% of at-risk individuals would contemplate suicide if they received an increased-risk result Mastromauro et al. 1987) .
There have been a number of reports on the shortterm psychosocial impact that predictive testing for HD has on individuals. The overall impression with regard to many tested individuals, in both the decreased-and the increased-risk groups, is that being informed of their genetic status relative to the mutation for HD is beneficial to them, although a significant proportion of individuals experience feelings of sadness, hopelessness, and depression (Nance et al. 1991; Bloch et al. 1992; Huggins et al. 1992; Tyler et al. 1992; Codori et al. 1997; Taylor and Myers 1997) . Difficulties with coping with a new genetic status have also been described in case reports Huggins et al. 1992; Almqvist et al. 1997; Robins Wahlin et al. 1997) . However, as a group, both decreased-and increased-risk individuals showed less psychological distress during the 1st year after testing, and this was particularly evident for those who either received a decreased-risk result or were informed that they had a normal CAG repeat length (Brandt et al. 1989; Wiggins et al. 1992; Decruyenaere et al. 1996; Tibben et al. 1997) .
The frequency of adverse reactions (defined as suicidal ideation, psychiatric hospitalization, depression, relationship breakdown, substance abuse, or psychological distress) after the predictive-testing result was shown to be ∼16% (15/95) among the tested individuals in a Canadian study, but no significant difference in frequency, between the increased-and the decreased-risk groups, was found (Lawson et al. 1996) . Furthermore, Quaid (1993) reported on 4 (2.1%) of 189 individuals in a U.S. predictive-testing sample who were hospitalized after receiving the results (3 received an increased-risk result, and 1 received a decreased-risk result). However, these studies were in relatively small cohorts, and, until now, no estimates of the frequency of CEs in a large cohort of patients have been ascertained.
The goal of this survey was to determine the worldwide frequency of CEs after predictive testing for HD and to study factors that might influence its occurrence. These factors might help to identify individuals at highest risk for CEs, toward whom strategies of support may be directed, in order to prevent these serious adverse reactions. These data may also prove useful for other predictive-testing programs for late-onset hereditary diseases.
Subjects and Methods
A total of 175 centers in 26 countries that have offered predictive testing for HD were identified through contact with the International Huntington Association (a lay organization for HD) and professionals from participant lists from the World Federation of Neurology Research Group on HD. All centers were invited to participate in the present survey by completing a questionnaire (questionnaire 1A) providing demographic data and test results on all participants who had received predictivetesting results at their center. Diagnostic tests for symptomatic participants suspected of having HD were not included in the survey.
For those test candidates who had experienced a CE after the predictive-testing result, an additional questionnaire (questionnaire 1B) was completed. A CE was defined as (i) suicide, (ii) suicide attempt, or (iii) psychiatric disorder requiring hospital admission. Information concerning the CE-including when it occurred relative to the time of receipt of the predictive-testing results, clinical status at the time of the CE (in which the status, as rated by the test center, was asymptomatic, possibly affected, probably affected, or diagnosed HD), and direction of predictive-testing results-was provided. Demographic data-including gender, age, marital status, and employment status-were documented. A positive psychiatric history р5 years prior to predictive testing was assigned if a suicide attempt, psychiatric hospitalization, or treatment by medications for psychological or psychiatric reasons had occurred. The protocol for the center's predictive-testing program was also attached.
In addition, we inquired that all participating centers provide information on the date of the predictive-testing result and the last follow-up contact, either in person or via letter or phone call, on all tested participants (questionnaire 1C). On the basis of these data, we estimated the length of follow-up after the predictive-testing results, for all persons.
Ascertainment
The generalizability of such a study is influenced significantly by the level of ascertainment. A potential source of bias and underascertainment of CEs could result from centers that had a higher frequency of CEs but that did not wish to participate in the survey. Therefore, an additional short questionnaire (questionnaire 2) was sent to centers that did not participate in this survey, requesting the total number of predictive-testing results provided at the center, as well as the number and type of CEs that had occurred.
Statistical Analyses
A Student's t-testing was used to assess differences in mean age. Fisher's exact test was used for 2#2 comparisons, and x 2 analyses were used for other comparisons, to examine the differences, in demographic data, between the group of participants with a CE and either the group of participants without a CE or, when the latter group was not available, a worldwide sample comprising pooled demographic data from published papers on HD predictive-testing participants. Because of differences in reported demographic data in these papers, the total number of tested participants varies for each demographic factor: (i) marital status includes data from Simpson et al. (1992) , Holloway et al. (1994) , Codori et al. (1997) , Decruyenaere et al. (1997) , Taylor and Myers (1997) , Tibben et al. (1997) , and E. Almqvist, M. Hayden, unpublished data; (ii) employment status includes data from Codori et al. (1997) , Decruyenaere et al. (1997) , Tibben et al. (1997) , and E. Almqvist, M. Hayden, unpublished data; and (iii) previous psychiatric history includes data from Lawson et al. (1996) and E. Almqvist, M. Hayden, unpublished data.
Results
A total of 100 centers in 21 countries from five continents participated in this study (see the Appendix). These 100 centers reported that a total of 4,527 participants had received a predictive-testing result-via either linkage analysis ( [16.4%] ), direct testing of the n ϭ 741 CAG repeat in the HD gene ( [83.6%]), or n ϭ 3,786 both (
[5.3%]) (table 1)-and were followed n ϭ 241 after receiving the predictive-testing results. A total of 1,817 participants (40.1%) received either an increasedrisk result or an expanded CAG repeat 135; 2,601 participants (57.5%) received either a decreased-risk result or normal CAG length; 30 participants (0.7%) received an uninformative result from linkage analysis; and 70 participants (1.5%) had an intermediate-sized allele (table 1). The mean age at disclosure of the test result was 37.4 years, and the sample consisted of 40.7% males and 59.3% females (table 2 ).
An additional 441 tested participants from these centers received the predictive-testing results but were not included in this survey, because of the absence of followup (441/4,968 participants [8.9%]). Of these 441, 119 (27%) received an increased-risk result, 313 (71%) received a decreased-risk result, and 9 (2%) received either an uninformative result or an intermediate allele.
CEs
Frequency.-Of the 4,527 participants, 44 (0.97%) were reported to have experienced a CE after receiving the predictive-testing results (table 1) : 5 participants, all women, committed suicide; 21 (13 women and 8 men) attempted suicide, and 18 (13 women and 5 men) were hospitalized for psychiatric reasons. All participants with a CE, irrespective of its apparent relationship with the predictive-testing result, were included.
Direction of the test result.-Of the 44 participants who had experienced a CE, 37 (84.1%) either had received an increased-risk result via linkage analysis Clinical status.-A total of 24 (54.5%) of those who experienced a CE were already symptomatic at the time of the CE-that is, were either diagnosed ( ) or n ϭ 8 rated as probably ( ) or possibly ( ) affected n ϭ 7 n ϭ 9 (tables 3 and 4). The eight affected persons experienced their CEs at varying times (0-28 mo) after diagnosis (table 5) . In particular, all who committed suicide were symptomatic (four were diagnosed, and one was probably affected) at the time of the CE. Of those with an increased risk, 24 (64.8%) of 37 were symptomatic at the time of the CE.
Timing of the CE.-The mean incidence of CEs was 0.44%/year (range 0.35%-0.65%/year) (table 3). No significant variation in frequency of CEs over time was seen relative to time of receipt of the predictive-testing result. There was at least one follow-up contact with all participants during the first 6 mo after testing, and 0.35% (16/4,527) experienced a CE during this period, and three of these CEs occurred р1 mo after receipt of the results. For subsequent follow-up periods, the frequencies were as follows: 6-12 mo after testing, 0.37% (10/2,679); 1-2 years after testing, 0.45% (9/1,992); 2-3 years after testing, 0.65% (or 7/1,074); and 3-4 years after testing, 0.37% (2/540) (table 3 and fig. 1 ).
The majority (4/7 [57.1%]) of those who received a decreased-risk result experienced the CE 11 year after receiving the result, in contrast with the increased-risk group, in which most (23/37 [62.1%]) participants experienced a CE during the 1st year. The numbers, however, are small in both of these groups.
The mean time interval for occurrence of the CE after receipt of predictive-testing results was mo 14.4 ‫ע‬ 12.6 (range 0.5-42 mo) for symptomatic participants, whereas it was mo (range 0.5-29 mo) for 10.1 ‫ע‬ 8.8 asymptomatic participants (not significant). The mean time interval for those who committed suicide was mo (range 3-35 mo); for those who at-18 ‫ע‬ 12.9 tempted suicide, mo (range 0.5-29 mo); and, 9 ‫ע‬ 8.7 for those who were hospitalized, mo (range 14.9 ‫ע‬ 12.4 0.5-42 mo) (not significant).
Previous psychiatric history.-A total of 15 (38.5%) of 39 participants with a CE had a psychiatric history р5 years prior to the predictive testing (for 5 participants, status was unknown), which is a significantly greater frequency than that in the predictive-testing comparison group ( ; see table 4): 2 of these par-P ! .0005 ticipants had attempted suicide р5 years prior to entering the predictive-testing program; 12 of these participants were treated, by medication, for depression; and 1 was hospitalized for other major psychiatric problems prior to predictive testing.
Other demographic characteristics.-The CE group comprises participants from nine countries (Australia, Belgium, Canada, France, Germany, the Netherlands, Sweden, the United Kingdom, and the United States). Age, gender, and marital status did not influence the likelihood of a CE, compared with the likelihood ob- Ascertainment.-We received complete information (questionnaires 1A, 1B, and C) from 100 (57.1%) of the 175 centers. In an effort to determine whether we might have underascertained the frequency of CEs, and whether centers with more CEs were less likely to complete the questionnaires, we specifically inquired, of those centers that did not provide complete information (on either questionnaires 1A and 1B or questionnaire 2 only), as to the number of tested participants and CEs in their center. We received information from 47 additional centers, providing an ascertainment of the frequency of CEs from a total of 147 (84%) of the 175 centers. These additional 47 centers reported that 11 (0.4%) of 2,985 tested participants had experienced a CE. This number was significantly lower ( ) than P ! .004 that seen in the initial cohort, which suggested that underascertainment of CEs in the centers that did not fill out all the questionnaires was not likely to have undermined the scientific integrity and validity of this study. Bundey (1997, p. 4) recently has proclaimed that predictive "genetic testing for HD is a success story, and the few adverse effects should be put into context of the many thousands of individuals who have been relieved of the anxiety of not knowing whether or not HD would develop." Although the present survey of CEs worldwide could be interpreted as supporting that view-in that, over varying periods of follow-up, only 0.97% of all tested participants experienced a catastrophic reaction to predictive testing-this frequency is still high and, in fact, represents a minimum frequency, despite attempts to achieve as high an ascertainment rate as possible. Furthermore, since the time of ascertainment varied among patients, with 59% being followed up р1 year after receiving results, longer-term follow-up would be likely to reveal additional instances of CEs with respect to predictive testing in this cohort.
Discussion
Even though ascertainment was relatively high for this study, with follow-up data collected from 84% of centers participating in predictive testing, one potential concern still remains-that is, that CEs may be higher in those persons who had no follow-up. One way to address this is to assess whether persons with no follow-up were more likely to have received an increased-risk result. In this group with no follow-up, 27% received an increased-risk result, and 71% received a decreased-risk result, compared with 40.1% and 57.5%, respectively ( ), in the group with follow-up, suggesting P ! .00001 that lack of follow-up in this small proportion of patients is unlikely to have altered the findings of this study.
It is also important to note that the frequency of CEs reported in the present study is based on reports from established predictive-testing centers that essentially follow protocols recommended by the World Federation of Neurology, Research Committee, Research Group on Huntington's Chorea (1989) . It is possible that those centers not following such protocols would have an increased frequency of serious side effects. 
Figure 1
Proportion of participants, in the total group, who had a CE, with regard to timing of CE after receipt of predictive-testing results. Participants who were rated by the predictive-testing center as diagnosed, probably affected, or possibly affected are included in the category of "Symptomatic" participants. Certain demographic features of this cohort are interesting, particularly in view of the fact that it is the largest cohort of predictive-testing subjects ever studied. Worldwide, the mean age at predictive testing is 37 years (range 16-90 years), again indicating that, worldwide, predictive testing often is being undertaken after persons have made reproductive decisions. In addition, as reported elsewhere (Holloway et al. 1994; Lawson et al. 1996; Codori et al. 1997; Tibben et al. 1997) , the majority (59%) of participants are female. In addition, there was a trend toward an excess of female participants who experienced a CE (70.4% [31/44] of women, vs. 29.6% [13/44] of men;
). P ϭ .18 Numerous issues with clinical implications emerged from this study. Fully 54.5% of persons with a CE were symptomatic at the time of the event, clearly highlighting the vulnerability of this particular group of increasedrisk participants who begin manifesting with signs and symptoms. Prior to the advent of predictive testing, the time around the onset of HD has been recognized as a time of high risk for suicide, since persons aware of the course of the illness are still able to both plan and implement a suicide strategy. Although predictive testing cannot definitively be invoked as contributing to these persons' CEs, predictive testing in all likelihood played a significant role in the CE of asymptomatic persons. The majority (11/13 [84.6%]) of asymptomatic participants who experienced a CE р12 mo after receiving results, received an increased-risk result. By contrast, after 1 year the majority (4/7 [57.1%]) of CEs occurred in persons who received a decreased-risk result. However, the longer the time after results, the more likely it is that factors either other than or in addition to the results contributed to the CE.
This study has helped to identify those factors that might be associated with an increased frequency of suicide, suicide attempt, or psychiatric hospitalization after predictive testing. Awareness of these risk factors may be extremely important, since it allows for identification of a subset of persons for whom increased counseling and support may be helpful.
In this study, 38.5% of persons with a CE had a psychiatric history р5 five years after entering the predictive-testing program. In addition, more than half of those with a CE, as well as all those who committed suicide, were unemployed. Unemployment has previously been shown to be a significant risk factor for suicide, but, clearly, those participants who are most seriously depressed are likely to be unemployed at that time (Platt 1984) .
Clinical status was also an important predictor of a CE in this study; for example, 54.5% of all persons who had a CE were possibly, probably, or recently diagnosed with HD. Indeed, four of the five persons who committed suicide had recently been diagnosed with this illness. This provides further evidence that the risk of suicide is elevated during the period immediately after the delivery of a diagnosis of HD. Of the 21 suicide attempts, 11 were by persons who also were symptomatic at the time (table 4) . Similarly, the risk for suicide attempts is increased at the time of onset of the disease. Individual case reports of the vulnerability of these patients have been presented elsewhere (Bloch et al. 1993 ). Taken together, 54.5% of all CEs in this cohort occurred in persons with some signs and symptoms of the illness. The majority (37/44 [84.1%] ) of the CE participants who experienced a CE had received a predictive-testing result indicating an increased risk of development of HD in the future. Approximately 2% of all persons with an increased-risk result had a CE, which was significantly higher than the frequency of in the decreased-risk group (  ; see table 1) . What is notable, however, is P ! .0001 that ∼0.3% (7/2,601) of participants in this sample who either received a decreased-risk result or were informed that the they had a normal CAG length in the HD gene also had a CE, comprising four suicide attempts and three psychiatric hospitalizations.
Although we and others (Nance et al. 1991; Huggins et al. 1992; Tyler et al. 1992; Codori et al. 1997; Taylor and Myers 1997) have reported that adverse events may occur in both the increased-and decreased-risk groups, this is the first report of a CE in persons ( ) who have been n ϭ 7 told that they will not develop HD. These seven persons had other factors that may have contributed to their risk for a CE. Three of these seven participants had a previous psychiatric history; these included psychiatric problems during adolescence, and, in one instance, the participant became depressed and developed significant ballistic movements and was diagnosed as HD, despite the decreased-risk result. Direct testing was performed, which confirmed the normal CAG length. However, this was followed by a suicide attempt by this participant.
Another question that has been raised previously (Mattsson and Winnberg Almqvist 1991; Babul et al. 1993) concerns the possibility that persons who have received a direct-testing result may do less well than persons who have received linkage-analysis results, since in the latter of case the results would, because of the possibility of recombination between the marker and the gene, be less definitive. It has been suggested that the possibility that this result could be incorrect might have offered some hope to persons receiving an increased-risk result. The role that this uncertainty played in maintaining hope in these participants has not been previously assessed. The results of this study clearly show that CEs occurred with equal frequency in participants after linkage analysis and in those who received a definitive result with regard to the presence or absence of the mutation for HD. This suggests that the uncertainty conferred by linkage analysis did not offer any added comfort for at-risk participants previously participating in predictive testing. Furthermore, direct assessment with regard to the mutation did not eliminate hope for the future and did not result in a significant increase in the frequency of CEs in the population receiving definitive results concerning future risk.
One pitfall of this study is the absence of a direct comparison group of untested at-risk persons who have been followed over time and have not participated in predictive testing. Therefore, the relative estimated frequency of CEs in the present study cannot be fully appreciated until the occurrence of suicidal behavior or psychiatric hospitalization among either nonparticipants at risk or a comparable general population is known. Prior estimates of suicide frequency in families with HD with rates have been four to eight times that seen in the corresponding general population in which the study was undertaken (Schoenfeld et al. 1984; Farrer 1986; Sørensen and Fenger 1992; Di Maio et al. 1993) . Suicide attempts were seen in ∼25% of all HD patients assessed (Farrer 1986 ). These studies focused primarily on affected patients, but the few studies of at-risk persons also indicated rates that were at least two times greater than those seen in the general population (Sørensen and Fenger 1992; Di Maio et al. 1993) . It is noteworthy that, worldwide, there were no instances of suicide in men in the predictive-testing program but that there were five suicides in women. Although the suicide rate of the predictive-testing population is lower for men and higher for women than what is seen in similar-age cohorts in the Canadian general population (Health Canada 1994, p. 36-42) , both the absence of a comparable control group and the size of the cohorts in the present study limit the usefulness of such comparisons. Whether this reflects a true lower rate of CEs among males than might be expected for persons at risk for HD or, rather, is an indication of self-selection of persons in predictive-testing programs who may be psychologically better equipped with good coping skills is unknown Decruyenaere et al. 1995) .
It is of interest that the frequency of CEs in the cohort as a whole is constant over time. This suggests that other factors, independent of the predictive-testing result, continue to make a significant contribution to the likelihood of a CE in families with HD ( fig. 1) .
Overall, these results indicate that predictive testing for HD may have serious risks, even though the frequency of CEs may be lower than previously feared. These findings emphasize both the importance of longterm availability of support for persons receiving either an increased-or decreased-risk result and the times at which each of these groups may be most vulnerable-that is, the presence of increased risk р1 year after receipt of results and when the participants begin to manifest with signs and symptoms. In contrast, persons receiving a decreased-risk result are at low risk for having a CE close to the time of receipt of results, but they probably return to their baseline risk after the impact of this information have been incorporated into their lives and other factors are more prominent in influencing psychological well-being. The study also highlights features in the clinical history that may serve to alert the clinician to the need for the most vigilant ongoing psychological support. 
